per 



WORLI? INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 4 : 
A61K 9/00, B01D 13/00, 37/00 



Al 



(11) International Publication Number: WO 89/ 00846 

(43) International Publicati n Date: 9 February 1989 (09.02.89) 



(21) International Application Number: PCT/US88/02598 

(22) International Filing Date: 28 July 1988 (28.07.88) 



(31) Priority Application Numbers: 

(32) Priority Dates: 

(33) Priority Country: 



079,309 
164,580 

29 My 1987 (29.07.87) 
7 March 1988 (07.03.88) 

US 



(71) Applicant: THE LIPOSOME COMPANY, INC. [US/ 

US]; 1 Research Way, Princeton Forrestal Center, 
Princeton, NJ 08540 (US). 

(72) Inventors: LENK, Robert, P. ; R.D. Mill Road, Lam- 

bertviHe, NJ 08530 (US). DURNING, Anthony, G. ; 
48 Lookover Lane, Yardley, PA 19067 (US). KLIM- 
CHAK, Robert, J. ; Box 628A, RockafeUow Mill 
Road, Remington, NJ 08822 (US). PORTNOFF, Joel 
; 76 Gregory Place; Richboro, PA 18954 {US). TOM- 
SHO, Michelle, L. ; 



10 Viburnum Lane, Levittown, PA 19054 (US). 

(74) Agent: BLOOM, Allen; The Liposome Company, Inc., 
1 Research Way, Princeton Forrestal Center, Princet- 
on, NJ 08540 (US). 

(81) Designated States: AT (European patent), BE (Euro- 
pean patent), CH (European patent), DE (European 
patent), FR (European patent), GB (European pa 
tent), IT (European patent), JP, LU (European pa- 
tent), NL (European patent), SE (European patent). 



Published 

With international search report 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt 
. of amendments. 



(54) Title: METHOD FOR SIZE SEPARATION OF PARTICLES 



(57) Abstract 



Tangential flow filtration is used in the size separation of particles, such as liposomes and lipid particles. These par- 
ticles may be passed through a tangential flow filtration device of any pore size desired. Tangential flow filter systems of 
various pore sizes may be used sequentially to obtain particles such as lipid particles or liposomes having a defined size 
range. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international appli- 
cations under the PCT. 



AT 


Austria - 


FR 


France 


ML 


Mali 


All 


Australia 


GA 


* Gabon 


MR 


Mauritania 


BB 


Barbados 


GB 


United Kingdom 


MW 


Malawi 


BE 


Belgium 


HU 


Hungary 


NL 


Netherlands 


BG 


Bulgaria- 


ET 


Italy 


NO 


Norway 


BJ 


Benin 


JP 


Japan " 


RO 


Romania 


BR 


Brazil 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KB 


Republic of Korea 


SN 


Senegal 


CH 


Switzerland 


U 


Liechtenstein 


SO 


Soviet Union 


CM 


Cameroon 


LK 


Sri Lanka 


TO 


Chad 


DE 


Germany. Federal Republic of 


LU 


Luxembourg 


TG 


Togo 


DK 


Denmark: 


MC 


Monaco 


US 


United States of America 


EI 


Finland 


MG 


Madagascar 







WO 89/00846 



PCT/US88/02598 



10 



20 



25 



30 



- 1 - 

METHOD FOR SIZE SEP *P*TTOW nv PAiyrparjqg 

re n.s. APpr.TRATTnw hata 



This application is a continuation-in-part of copending U.S. 
Application Serial No. 079,309, filed July 29, 1987. 



BACKGROUND OF THE INVENTION 



The present invention is directed to the separation of 
3»5 particles, such as liposomes and lipid particles, according to 

size using tangential flow filtration. The filtration method as 
disclosed permits the large scale separation of these particles 
into select size ranges, the size determined by the pore size of 
the filter employed. Any of the known tangential flow filtration 
devices and materials, such as the hollow fiber or tube, or the 
flat or pleated sheets or films, may be used. Other devices 
employing tangential flow filtration may also be used. 



In the present invention*, ' the terms "tangential flow 
filtration" and "cross flow filtration" are used interchangably, 
and are defined as the separation of suspended solids from 
aqueous or organic fluids or fluid mixture by passing or 
circulating a. sample feed parallel or tangential to the membrane 
surface, with an effluent of concentrated solids continuing to 
flow tangential to the membrane. The pore size of the filter 
determines which particles will be removed in the filtrate, and 
those retained in the feed (retentate). For example, a sample 
feed stock passed through a tangential flow filtration device 
having a 5.0 urn pore size filter allows passage of particles less 



than 5*0 urn t pass into the filtrate. Particles larger than 5.0 
urn remain in the retentate. 

Unlike traditional filtration processes, including those 
employing extrusion and ceramic filtration devices (see Martin et 
al., U.S. Patent No. 4,752,425, issued June 21, 1988. and Martin 
et al.'„ U.S. Patent No. 4,737,323, issued April 12, 1988), the 
instant procedure prevents a filter cake build-up on the filter 
surface. Also, there is no "dead-end* extrusion of larger 
particles due to pressure, as the liquid is caused to flow across 
a membrane surface. The flow rate of the liquid is therefore 
maintained as it is passed over the membrane. 

The present invention is directed towards the separation of 
particles according to size using the tangential flow filtration 
technique, and is specifically directed towards the size 
separation of particles such as liposomes and lipid particles. 
Liposomes and lipid particles made by any method in the art may . 
be separated according to this technique. 

Liposomes are completely closed lipid bilayer membranes 
containing an entrapped aqueous volume. Liposomes may be 
unilamellar resides (possessing a single membrane bilayer) or 
multilamellar vesicles (onion-like structures characterized by 
multiple membrane bilayers, each separated from the next by an 
aqueous layer) . The bilayer is composed of two lipid monolayers 
. having a. hydrophobic "tail" region and a hydrophilic "head" 
region. Tlie structure of the membrane bilayer is such that the 
hydrophobic (nonpolar) "tails" of the lipid monolayers orient 
towards the center of the. bilayer while the hydrophilic "heads" 
orient towards the aqueous phase. 

The original liposome preparation of Bangham et al. (J. Mol* 
Biol. , 1965 1 12:238-252 involves suspending phospholipids in an 
organic solvent which is then evaporated to dryness leaving a 
phospholipid film on the reaction vessel. . Next* an appropriate 
amount of aqueous phase is added, th mixture is allowed to 
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"swell," and the resulting liposomes which consist of 
multilamellar vesicles (MLVs) are dispersed by mechanical means. 
This technique provides the basis for the development f the 
small sonicated unilamellar vesicles (SDVs) described by 
Papahadjopoulos et al. (Biochim. Biophys* Acta., 1968, 
135:624-638), and large unilamellar vesicles. 

Unilamellar vesicles may be produced using an extrusion 
apparatus by a method described in Cullis et al., PCT Publication 
No. 87/00236, January 16, 1986, entitled "Extrusion Technique for 
Producing Unilamellar Vesicles'* incorporated herein by 
reference. Vesicles made by this technique, called LUVETS, are 
extruded under pressure through a membrane filter. Vesicles may 
also be made by an extrusion technique through a 200 nm filter; 
such vesicles are known, as VET^^s . 

Another class of liposomes that may be used are those 
characterized as having substantially equal lamellar solute 
distribution* This class of liposomes is denominated as stable 
plurilamellar vesicles (SPLV) as defined in U.S. Patent No. 
4,522,803 to Lenk, et al*, monophasic vesicles as described in 
U.S* Patent No. 4558,579 to Fountain, et al., and frozen and 
thawed multilamellar vesicles (FATMLV) wherein the vesicles are 
exposed to at least one freeze and thaw cycle; this procedure is 
described in Bally et al., PCT Publication No. 87/00043, January 
15, 1987, entitled "Multilamellar Liposomes Having Improved 
Trapping Efficiencies" . 

Other techniques that are used to prepare vesicles include 
those that form reverse-phase evaporation vesicles (REVs>, 
Papahadjopoulos et al., U.S. Patent No. 4,235,871, issued 
November 25, 1980. 

A variety of sterols and their water soluble derivatives have 
been used to. form liposomes; see specifically Janoff et al., PCT 
Publication No. 85/04578, October 24, 1985, entitled "Steroidal 
Liposomes." Mayhew et al., PCT Publication No. 85/00968, March 
14, 1985, described a method for reducing the toxicity of drugs 
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by encapsulating them in liposomes comprising alpha-tocopherol 
and certain derivatives there Also, a variety of tocopherols 
and their water soluble derivatives have been used to form 
liposomes, see Janoff et al., PGT Publication No. 87/02219, April 
23, 1987, entitled "Alpha Tocopherol-Based Vesicles." 

In a liposome-^drug delivery system, a bioactive agent such as 
a drug is entrapped in or associated with the liposome and then 
administered to the patient to be treated. For example, see 
Rahman et al., U.S* Patent Ho. 3,993,754; Sears, U.S. Patent No. 
4,145,410; Papahadjopoulos et al*, IT.S. Patent No. 4,235,871; 
Schnieder, IT.S. Patent No. 4,114,179; LenJc et al., IT.S* Patent 
No.. 4,522,803; and Fountain et al., U.S. Patent No. 4,588,578. 

In the present invention, lipid particles such as those 
disclosed in commonly owned copending applications, Janoff et 
al., U.S. Patent Applications Serial Nos. 022,157, filed March 5, 
1987 j 069,908, filed July 6, 1987, and 164,580, filed March 7, 
1988, entitled "Low Toxicity Drug-Lipid Systems", relevant . 
portions of which are herein incorporated by reference, may also 
be separated. Such lipid particles, also known as high 
drug-lipid complexes (HDLCs> are made by techniques substantially 

f similar to those for making liposomes, and have lower toxicities 
than the drugs when administered in their free forms. Such 
complexes comprise drug in a relatively high mole ratio with one 
or more lipids . Additionally, liposomes formed using a 
transmembrane pH gradient according to the methods of copending 
U„S. Patent Application Serial No. 749,161, filed June 26, 1985, 
Bally et al., entitled "Encapsulation of Antineoplastic Agents in 
Liposomes", and copending Application Serial No. 164,557, filed 
March 7, 1988, Mayer et al., entitled "High Drug-Lipid 
Formulations of Liposomal Antineoplastic Agents" , both herein 
incorporated by reference, may be size-separated according to the 
techniques of tangential, flow filtration. More specifically, 
according to the invention of Bally et al. mentioned above, - 

. liposomes are loaded with lonizable bioactive agents wherein a 
transmembrane pH gradient is formed across the bilayers of the 
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liposomes,, and the agent is loaded by means of this gradient* 
The ion gradient is generated by creating a concentration 
gradient f r one or more charged species (f r example, H + ions) 
across the liposome membranes. Such gradients then drive the 
accumulation of ionizable bioactive agents, for example, 
antineoplastic agents such as doxorubicin, vincristine, 
epirubicin, or daunorubicin into the liposomes. 

More specifically, to create the concentration gradient, 

liposomes are prepared in the presence of a first aqueous medium, 

such medium being both entrapped by and surrounding the 

liposomes. The external medium of these liposomes is then 

adjusted to a more acidic or basic pH, such as by exchanging the 

surrounding medium ► Such a process creates the transmembrane 

15 concentration gradient. If the second external medium contains 

\ an ionizable bioactive agent such as an ionizable antineoplastic 

agent, the H + gradient will partition the drug into the 

liposomes such that the free vesicle-associated bioactive agent 

ratios reflect [H + ] . /[H + ] . ratios. As disclosed in 

in out 

Mayer et al., identified above, antineoplastic agents such as 
doxorubicin, daunorubicin, epirubicin, and vincristine may be 
accumulated in liposomes at high drug: lipid ratios by this 
method, also referred, to as a "remote loading" method. Such 
liposomes may be passed across the tangential flow filtration 
device and separated according to their size. 

As disclosed hereinabove, when used in the process of 
separating liposomes or lipid particles, tangential flow 
filtration may be used with liposomes or lipid particles made by 
any of the methods known. In addition to the above-named 
methods, both the liposomes or lipid particles may be formed by 
additional or alternative processes such as shearing or 
sonication. In one aspect of the invention, they are formed by a 
homogenization technique, such as those employing homogenization, 
colloid milling, or size reduction extrusion process devices*. 
When any of these devices are employed, the homogenization device 
may be connected directly to (in series with) the tangential flow 
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filtration device. Alternatively, the homogenization process may 
be carried out independently of the filtrati n device. 

The use of tangential flow or cross flow filtration for the 
; gross separation of materials is known. Marinaccio et al.,. (WO 
85/03011, published July 18, 1985) disclose the process for use 
in the separation of biological liquids such as blood components 
for plasmapheresis* In this process, blood is passed 
tangentially to (i.e., across) an organic polymeric mlcroporous 
filter membrane, and particulate matter is removed. In another 
use, tangential flow filtration has been disclosed for the. 
filtration of beer (Shackleton, EP 0,208,450, published January 
14j 1987) specifically for the removal of particulates such as 
yeast cells and other suspended solids. Kothe et al., (U.S. 
Patent No* 4,644,056, Issued February 17, 1987) disclose the use 
of this process in the purification of immunoglobulins from milk 
or colostrum, and Castino (U.S. Patent ITo. 4,420,398, issued 
December 13, 1983) describes Its use in the separation of 
antiviral substances such as interferons from broths containing 
these substances as well as viral particles and cells. 

Tangential flow filtration units have been employed in the 
concentration of cells suspended in culture media. The size of 
the membrane used has been chosen with regard to efficiency and 
speed of processing and separating the cells. Radlett (1972, J. 
Appl. Chenu Biotechnol. , 22:495) proposes tangential flow 
filtration as an alternative to the more commonly used cell 
separation methods such as centrifugation and conventional 
filtration. 

Similarly, the technique has been used in the separation of 
bacterial enzymes from cell debris (Quirk et al., 1984, Enzyme 
Microb. Technol., 6(5):201) . Using this technique, Quirk et al. 
were able to isolate enzyme in higher yields and in less time 
than using the conventional technique of centrifugation. The use 
of tangential flow filtration for several applications in the 
pharmaceutical field has been reviewed by Genovesi (1983, ,J. 



WO 89/00846 



- 7 - 



PCT/US88/02S98 



10 



15 



20 



25 



30 



35 



Parenter. Aci. Technol.> 37(3) :81), including the filtration of 
sterile water for injection, clarification f a solvent system, 
and filtration of enzymes from br ths and bacterial cultures. 

The control of particle size in a population is difficult and 
generally has not been successful. The present invention of the 
use of tangential flow filtration in the separation of liposomes 
or lipid particles according to size Is a commercially important 
process. The use of filters of selected sizes, and further, the 
sequential use or serial attachment of filters of different sizes 
(i.e., a filtering system) is disclosed for the separation of 
particles to obtain particles of a specifically desired size 
range. 

There are problems associated with previous attempts to 
select liposomes according to size. For example, Huang (1969, 
Biochemistry, 8:344) describe a multi-step technique for the 
production of small unilamellar vesicles (SUVs) involving 
sonlcation, centrifugation, filtration of the population through 
a 0.1 um dead-end filter, and finally subjecting the filtrate to 
molecular sieve chromatography on a Sepharose 4B column to remove 
the large liposomes. Bareriholz et al», (1977, Biochemistry, 
16:2806) developed a technique employing sonication, 
centrifugation to remove large liposomes, followed by high speed 
centrifugation for 1 to 4 hours. This process similarly produced 
SUVs. Watts et.al. (1978, Biochemistry, 17:1792) prepared a 
homogenous SUV population of dimyristoylphosphatidylcholine 
(DMPC) by sonication followed by centrifugation at 105,000 x g. 

In addition to the efforts directed at obtaining homogenous 
populations of SUVs, numerous attempts have been made to obtain 
homogenous populations of larger liposomes, i.e., MLVs. The 
majority of these efforts have involved the use of a series of 
membrane filters in an extrusion process. Such extrusion 
techniques involve the sequential extrusion of MLVs through " 
filters having various pore sizes (Olson, et al., 1979, Biochim. 
Bi phys. Acta., 557:9, and Schullery et al., 1973, Chem. Phys. 
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Lipids, 12:75) . Such a process forms a mixed populati ri of MLVs 
and SUVs. These liposomes were found not to possess a 
. homogenous, unimodal distribution with regard to size, but were 
in fact contaminated by liposomes of much larger and smaller 
size.. A unimodal distribution is one in which the chi square 
value of the Gaussian distribution of the particle size is less 
than or equal to 2.0. In addition, these techniques are liposome 
formation techniques, as opposed to the present invention of 
selection of liposomes of defined size ranges from a 
heterogenously-sized population* 

Martin et al. (U.S. Patent No. 4,752,425, issued June 21, 
1988) have disclosed methods for forming liposomes of high 
encapsulation efficiency employing the infusion of lipids 
containing solvent and drug, into an aqueous solution. The 
method further involves the extrusion of the resulting liposomes 
through ceramic filters. During the infusing step, the 
suspensions can be dlafiltered to form a filtrate of liposomes of 
0*1 um and less* 

There remains a difficulty in the art of obtaining a 
homogenous population of liposomes having a defined upper 
lover size range. The present invention solves this problem by 
allowing selection of liposomes of a homogeneous, defined size 
distribution from a heterogenously-sized population. The use of 
filters of selected sizes is disclosed for the separation of 
particles of defined size. A homogeneous distribution of 
particles is a population of particles having a known, 
well-defined size distribution with essentially no particles 
above a certain size and essentially no particles below a certain 
size^ As used in the present invention, the term "essentially" 
shall be understood to mean no more than about 10% of the 
particles, and preferably- no more than 5% of the particles are of 
sizes above or below the defined size as determined by the 
tangential flow filter sizes, In the art, such a distribution, 
for example, a difference between essentially the largest and 
essentially the smallest particle Sizes of 3, 4, 5, 10, or 100 
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microns, are generally not known, yet are routinely achievable in 
the present invention. In certain cases the resulting 
homogeneous distribution of liposomes or lipid particles is 
unimodal. 

The degree to which particle size homogeneity can be obtained 
is influenced by the physical and chemical characteristics of the 
sample and. the filtration conditions. For example, the viscosity 
and composition (charge) of the sample or the suspending 
. solution, and the pore size and composition of the filters 
(thickness; presence of an asymmetric skin on the filter; charge, 
which influences the binding or repelling of the sample to the 
filter; etc.) also determine the efficiency of the filtration 
process and the homogeniety of the final product. 

In the liposome or lipid particle sizing application, such 
filters may be attached downstream (in series) from a 
homogenization or milling apparatus; such apparatus outputs 
sample into the filter or filtering system (two filters, enabling 
the defining of particles with an upper and lower size cut-off) . 
Alternatively, the homogenization device may be used 
independently,, and the resulting homogenized material applied to 
the filtration device manually or in a separate step. In either, 
case, the resulting filtrate (or retentate, depending on the 
desired product) is collected as final product. The material not 
passing through the filter(s) (the retentate) due to its large 
size may then be discarded, or alternatively recycled back 
through the homogenization or milling apparatus for re-sizing, 
and then back through the filtering device. The total yield of 
filtrate generally increases following each complete cycle. 

Alternatively, two or more tangential flow filtration devices 
may be connected in parallel with the homogenization or milling 
apparatus * In such case the filtration devices may contain 
filters of different sizes, allowing separation of the same feed 
sample Into products of differing size. In this case, if the 
sample is liposomes, lipid particles, or another material for 



sizing, the retentate may be cycled back t the homogenization or 
milling apparatus, to undergo further sizing adjustment* 

When particles of a discrete size having hot*, upper and lower 
size limits are desired, the homogenization or milling apparatus 
may be connected to at least two filtration devicea; positioned 
in series, one having a filter pore size of the upper particle 
size limit desired r and the second having a filter pore size of 
the lower particle size limit. As the sample passes through the 
first filter, particles that are below the limit of the pore size 
pass through into the filtrate* The retentate may then be 
recycled back through the homogenization or milling apparatus for 
further size adjustment. The filtrate is then cycled through the 
next filter having the lower limit pore size. The particles 
smaller than this size are passed into the filtrate, and the 
filtrate may be discarded. The retentate thus contains all 
particles between the upper and lower defined size limits. 

Although this technique is useful in the separation of small 
batches of sample feed, it is particularly useful in the large 
scale size separation of liposomes or lipid particles, as such 
separation may. be easily accomplished with large volumes of 
material without the problems normally associated with the 
filtration of lipids. Such problems arise when liposomes or 
lipid particles are subjected to traditional "dead-end" 
filtration processes, as some liposomes or particles may be . 
deformed by the pressures needed to pass t-ftgin across the filter.. 
When these particles are deformed, they may pass through pore 
sizes smaller than the actual particle size, and reform on the 
downstream side of the filter. Thus, the filtrate may be 
contaminated with particles of sizes outside the desired range. 
A second problem in the use of traditional filtration for 
separation of products is the product build-up on the filter 
surface and the eventual clogging of the membrane pores. The 
sweep of material tangential to the filter surface r the present 
technique, prevents this build-up. Additionally, in the lipid 
applications suggested in the present disclosure, the lower 
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pressures employed by the tangential flow process (typically, 
lover than 50 psi) are less likely to cause physical damage (i.e. 
shearing) to the liposomes or lipid particles. Other advantages 
of the invention over dead-end filtration are the continuous 
cycling of sample, and the ability to wash out impurities from 
the retentate. The sample may also be concentrated by removing 
suspending solution from the sample, thereby resulting in a 
product of desired potency. 

In another aspect of the present invention, the tangential 
flow filtration device may be used to form liposomes or lipid 
particles. In such a process, amphipathic materials such as 
lipids, and bioactive agents suspended in aqueous solutions are 
caused to contact one another across the membrane surfaces of a 
tangential flow filter. Controlled pressure delivered by a pump, 
and shear forces encountered at the membrane surface cause the 
interaction of the lipid and aqueous components and can be 
regulated to effect influx: of one phase into the other. The 
control of this biphasic mixing allows the manufacture of 
liposomes in the defined size range desired, determined by the 
filter pore size and the pump pressure. More specifically, a 
solution containing a lipid suspension is caused to contact a 
first side of a tangential flow filter, while an aqueous 
solution, which can contain a bioactive agent such as a drug, is 
infused or injected into the area surrounding a second side of 
the filter. Pressures delivered to the aqueous side of the 
filter via a pump cause the passage of the aqueous solution 
across the filter, through the pores, to the lipid-containing 
side. Liposomes form at the lipid side of the filter. 

In particular, a lipid suspended in an organic solvent, for 
example, egg phosphatidylcholine in ethanol at about 100-1000 
mg/ml is passed in the extracapillary space of a hollow fiber 
tangential flow filter, for example; and an aqueous solution, 
such as for example, buffer or a saccharide solution is passed 
through the lumen of the filter. In response to applied pump 
pressures, the aqueous solution passes through the pores of the 
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tangential flow filter and forms lip somes in the lipid s lution 
on the extracapillary side. Such a system is a continuous fl w 
system, which allows formation of large volumes of liposomes. In 
an alternative method, dynamic rotary flow filtration can be 
employed in a similar technique to form liposomes. Such a 
filtration process employs a rotary flow filtration unit such as 
the Benchmark Rotary Filtration unit (Membrex, Inc., Garfield, 
N.J.>. In this method, the lipid suspension is passed through 
the lumen of the filter, and the aqueous solution passed through 
the extracapillary space. The flat, cylindrical filter, attached 
to a rotating shaft, produces vortices, when rotated, that cause 
the aqueous solution to pass through the filter into the lumen.. 
At the interface between the filter surface and the lumen, the 
aqueous solution forms liposomes with the lipid circulating in 
the lumen. This liposome product is then removed from the 
lumen. 

Another aspect of the present invention which also employs 
tangential flow filtration is the separation of liposomes or 
lipid particles from solvents or, alternatively, from free 
(unentrapped or unassoclated) drug in the preparation. Such 
extraliposomal or extralipid particle materials may be removed by 
their ability, for example, to pass through the membrane pores, 
while the liposomes or particles remain circulating in the 
retentate. The use of filter sizes smaller than the desired 
liposome or particle size permits the passage of these smaller 
solvent or free drug molecules through the filter pores, while 
retaining the desired product. Such a use minimizes, or may 
el i m ina te the need for exhaustive rotary evaporation or related 
techniques for solvent removal. It also eliminates the need for 
chromatographic separation of free particulates such as free 
drug, from the final preparation. Both of these processes may be 
simultaneously performed with the size separation function of the 
instant invention. Alternatively, a liposome or particle 
population may be exposed to a solvent- or free drug-removal- step 
prior to the size separation (filtration) step. All processes, 
however, may be performed by the same device, by choosing the 
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appropriate filter size specific to the function desired. The 
filter size ch sen depends on the size of the molecules or 
particles to be removed. 

Still another use for the tangential flow filtration device 
is in the separation and classification of microcapsules, 
suspensions , emulsions, and other small particle systems, such as 
mixture of different cells, according to size. 

An additional advantage of the present invention is that the 
separations can be done aseptically. Aseptically preparing 
liposome or lipid particles of defined size distribution has been 
an ongoing problem. 



SUMMARY OF THE 1WVKKTION 

This invention is directed to a process for separating 
particles according to size, from a mixture of particles 
suspended in a liquid, which involves subjecting the mixture to 
tangential flow filtration with a first filter of a first pore 
size and then subjecting the filtrate to tangential flow 
filtration with a second filter of second, smaller pore size. 
The process may be performed with particles comprising liposomes 
or lipid particles. These liposomes or lipid particles may 
additionally comprise a bioactive agent, such as a polyene 
antifungal agent such as amphotericin B. In such a case, the 
mole ratio of amphotericin B to the lipid of the liposomes or 
lipid particles is about 1 mole % to about 60 mole %, more 
preferably about 16 to about 50 mole %., and most preferably 
about 33 mole %. 

The tangential flow filtration step employs a first filter of 
first pore size, between about 10 and about 0.2 urn, preferably 
about 5 urn, which excludes particles above the defined cutoff, 
and a second filter of second pore size of between about 2000 
molecular weight and about 2 microns, preferably about 1.0 urn. 
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In the case where the particles are lipid particles, they 
preferably comprise dimyristoylphosphatidylch line and 
dimyristoylphosphatidyl- glycerol in about a 7:3 mole ratio and 
about 33 mole% amphotericin B. 

Alternatively , the bioactive agent can comprise an 
aminoglycoside such as gentamicin, and the particles can be 
liposomes, such as an SPLV. These SPLVs may comprise 
phosphatidylcholine* These liposomes may be size selected by 
filtration through a first pore size of about 5 um and a second 
pore size of about 1 urn* The particles may also be milled by 
homogenization such as colloid mill to reduce their size. The 
resulting particles may have a homogenous size distribution, and 
may be multilamellar or unilamellar. 

In another embodiment, of the present invention, the 
tangential flow filtration process can be employed to remove 
extraliposomal or extralipid particle material from a mixture 
comprising liposomes or lipid particles suspended in a liquid. 
In such a case, the the extraliposomal or extralipid particle 
material may be in an organic solvent, such as DMSO. 
AI tentatively, the process can be used to remove unentrapped or 
tmassociated bioactive agent. 

In yet another embodiment of the present invention, the 
tangential flow filtration method can be employed to prepare a 
liposome or lipid particle wherein a solution containing lipid is 
caused to contact a first side of a filter in tangential flow 
filtration apparatus while an aqueous solution is infused or 
injected at a second side of the filter of the tangential flow 
filtration apparatus. This process may be performed using a 
dynamic rotary filtration or a hollow fiber filtration. 



DESCRIPTTOIjr OF THE iUVJMTClOljr 



The separation of particles, specifically liposomes and lipid 
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particles, using the tangential flow filtrati n technique is 
described. M re specifically, this separation results in the 
size separation of the liposomes and lipid particles. These 
liposomes or lipid particles may entrap or be associated with a 
bioactive agent, i.e. an agent having biological activity, such 
as for example, a drug, hormone, protein, dye, vitamin, or 
imaging agent. 

For example, obtaining lipid particles such as high 
drug: lipid complexes (HDLCs), described in copending U.S. Patent 
Application Serial No. 164,580, filed March 7, 1988, and 
incorporated herein by reference, which comprise amphotericin B, 
such particles being in about the 1 micron to about 5 micron (urn) 
size range, the initial heterogenously-sized sample having a 
^ particle size range of about 0.1 to about 50 urn feed is 

tangentially filtered using a about 5*0 urn pore size filter. The 
filtrate contains particles smaller than about 5.0 urn, and the 
retentate contains particles larger than about 5*0 urn. The 
. filtrate is then filtered using a smaller pore size, such as 
about 1.2 urn pore size* The pore size of this second filter is 
in no way limited but may be as small as available, for example, 
about 2000 molecular weight. In the present invention, filters 
of about 1.2 urn and about 0.2 urn are preferred. When the about 
1-2 urn filter is used following the about 5*0 um filter, the 
filtrate contains all particles smaller than about 1.2 um such as 
fines, and the retentate is the final product having the required 
size range of about 1.2 to about 5.0 um. If a greater size is 
needed or acceptable, then, for example, a about 10 um filter can 
be employed to obtain the upper size cutoff. 
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The filters employed in the tangential flow filtration device 
of the present invention may be chosen from a wide range of 
organic polymeric filters. Such filters include but are not 
limited to microporous membranes of nylon, polyvinylidene 
fluoride (PVDF), cellulose acetate/nitrate, polysulfone, 
polypropylene, and polyamide. Other filters such as ceramic 
filters. and metallic filters may also be used. 
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Membranes having a charged surface, such as those containing 
carboayl or sulfonic anionic functional substituents or nylon 
charged membranes may also be used* Such charged membranes may 
be used efficiently when the preparation contains charged 
. lipids . Membranes having an asymmetric structure, such as those 
used in the processes of reverse osmosis, dialysis, and 
ultrafiltration may also be used. The preferred membranes, of 
compositions described above, are of the microporous type, having 
symmetrical structure across the membrane. Suitable filter 
assemblies for containing the membranes include but; are 'not • 
limited to the cartridges containing either hollow tubes or 
fibers, or rolled flat or pleated sheets mounted on plate 
frames* A stirred cell apparatus may also be employed as a 
tangential flow filtration, device (available f rom Amicon Corp., 
Danvers, MA)* In such a system, a stirring paddle circulates 
sample feed in a motion tangential to the surface of the 
membrane. 

The membranes most suited for the applications as herein 
described are those that are resistant to solvents, and those 
that are amenable to sanltization, or sterilization; in the 
latter case by such techniques as autoclaving, steam flushing, 
irradiation, or ethylene oxide exposure. They should be 
sufficiently hydrophilic or. hydrophobic to allow removal of 
aqueous or organic solvents from the sample. The filters named 
above would be chosen according to the specific functions they 
are to perform (solvent removal, free drug removal, and/or size 
separation, to name a fetw)* For example, the polypropylene and 
ceramic membranes withstand organic solvents, while the 
polysulf ones and cellulose acetate/nitrate membranes generally do 
no t . . Any of the above-mentioned membranes may be used for 
aqueous solvent removal, or for size separation of the liposomes 
or lipid particles. Use of such membranes is limited only by the 
diameter of the products desired, and the availability of the 
appropriate pore size. .1 



When the polypropylene and nylon (hydrophobic) membranes are 
employed, best results are obtained when the membranes are vetted 
with a vater-miscible rganic solvent such as ethan 1, prior to 
use. This vetting step may be performed for several minutes by 
recirculating the solvent through the membrane. The solvent is 
then removed by the flushing of the membranes vith aqueous 
solution such as deionized water or 0.9% saline. 

The filtration may proceed at any temperature, to be 
determined by . the temperature restrictions of the lipids or drug 
used. For example, the process may be performed in the cold at 
about 4°C to about 25 °C. The sample is circulated through the 
filtration apparatus by. the force provided by a pump. Pumps 
vhich may be employed include the folloving types; positive 
displacement rotary lobe, gear, centrifugal, dlaphram, or 
peristaltic. In the present invention, a rotary lobe pump is 
preferred* The operating pressure < inlet pressure, which affects 
the filtration rate) is dependent on a number of variables, such 
as the volume, viscosity, and composition of the sample, as veil 
as the composition, and surface area of the membrane employed. 
The operating pressure is generally low on each side of the 
filter as is the pressure differential across the filter. In 
general, in order to increase the separation rate, the flov rate 
is increased. As the viscosity of the sample increases, or the 
size of the sample particles approach the size of the filter pore 
rating, the pressure, applied can be less; pressure parameters are 
also dependent upon the filter material employed and the sample 
composition.- . Finally, if the filter is charged, the charge of 
the sample passing through (like charge, or opposite charge) may 
determine the rate at which it flows through the filter (more 
slowly, or more quickly, respectively), and therefore determines 
the pump pressure applied. The filter configuration (hollow 
fiber or tube, or flat sheet) is an additional variable to the 
pressure setting. Similarly, further considerations, such as the 
adsorption and/or occlusion of the micropores of the membrane 
with any of the substituents of the sample may dictate the most 
efficient, rate of filtration. For example, such occlusion may 
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necessitate replacement f the filter following pr cessing of a 
certain sample v lume. Determination f pressure parameters is 
within the skill f those working in the art of 1 w pressure 
filtration. . 

5 " ■ 

. In general, when used in the present invention, the mflYjinwni 
psi of hollow fiber film filters (polypropylene, polysulfone, and 
the like) is about 50 psi, and the ceramic hollow fiber filters 
is about 150 psi, while the flat sheet membranes can withstand 
similar pressures. Choice of the appropriate pressured are best 
determined by those skilled in the art of lipid products and 
tangential flow filtration. Pressures that are too high might 
cause extrusion Of the liposomes or particles, cake formation, or 
liposome breakage by shear forces • 
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The sample is preferably recirculated multiple times, the 
number of circulations determined by the volume, viscosity and 
charge of the sample. For example, as the volume and/bf 
viscosity of the sample is increased, the time of recirculation 
increases . The lipid concentration is also determinative of the 
time of recirculation through the filter, and the rate of the 
filtration. In a highly Viscous preparation, for example, the 
sm aller particles may not reach the filter surface to be 
eliminated into the filtrate. Such a case may require dilution 
of the feed, stock and/or reduction of the recirculation rate. In 
addition, the time of recirculation of the sample may be 
increased. 

The duration of processing would be chosen when the yield of 
particles of required size is optimized, and when the sample is 
not alternatively overprocessed, thus containing many fines. The 
operator may remove an aliquot, of the sample while it is in 
process and examine its size for example, under a light 
microscope with an ocular micrometer, or by using quasi-elastic 
light scattering (QELS) or Malvern particle sizer techniques-, to 
determine the general size of the population, and then either 
continue or stop the filtration. 



As the effluent (filtrate) is collected from the filter, 
aqu ous r organic solution (such as for example sterile buffer 
or 0*9% saline) may be added to the retentate at the same rate at 
which filtrate is removed in order to maintain the volume. This 
diafiltration process enhances the particle yield obtained. In 
principle, for removal of about 90% of a species (such as for 
example, particles, such as liposomes or lipid particles) that 
may freely pass through the filter (i.e., a zero rejection 
coefficient) , one can maintain the volume of the retentate while 
washing with buffer about 2.3 times the volume of the retentate. 
To remove about 99% of the desired species, the volume of wash 
through the filter is 2 X 2.3 times the retentate volume. 
Specifically, 1.0 ml of wash replaces 1.0 ml filtrate removed 
from the system. Diluted filtrate obtained by this diafiltration 
process may be concentrated later, using tangential flow 
filtration. Alternatively, a series of dilutions and 
concentrations may be used, to increase the passage of the species 
of interest into the filtrate. Alternatively, the entire sample 
can be recirculated through the filter which would not require 
addition of aqueous solution. 

As described hereinabove, two or more tangential flow 
filtration devices may be connected in series, such as with a 
pump between the filtration units to provide ample flow for the 
second filtration, resulting in a product of specific size 
separation having upper and lower size limits. Alternatively or 
additionally, a homogenization apparatus can be connected to the 
filtration device, and the homogenized sample passed directly 
from this apparatus into the filtration system. A pump can, be 
attached between the homogenizer and the filter to maintain the 
flow rate of the feed into the filter. The filtrate product can 
pass from the filter to a holding tank while the retentate not 
sufficiently homogenized can be pumped back to the homogenizer to 
undergo further size adjustment prior to further processing in 
the filter. 

The liposomes or lipid complexes of the present invention can 



entrap or complex with* respectively, any bioactive agent such a 
drugs* In the case of lip somes, drugs may be entrapped or 
associated with the liposomes,, such as for example, the 
aminoglycosides such as neomycin B, paromomycin, rlbostamycin, 
liyidomycin, kanamycin A, kananycifc B, amikacin, tobramycin, 
gentamicin, netilmicin, streptomycin, dihydrostreptomycin, and 
sisomicin. Other bioactive agents that can be entrapped or 
associated with the liposomes of the Invention are the 
antineoplastic agents* The antineoplastic agent can be, for 
example, an anthracycline such as doxorubicin, daunorubicln, or 
epirubicih, a vinca alkaloid such as vinblastine or vincristine, 
a purine or pyrimidine derivative such as 5-fluorouracil, an 
alkylating agent such as mitoxanthrone, mechlorethamine 
hydrochloride or cyclophosphamide, or an antineoplastic 
antibiotic such as mitomicin or bleomlcin. Other bioactive 
agents that are complexed with the lipid to form lipid particles 
that can be filtered by the methods of the invention are the 
polyene antifungal agents such as nystatin, pimaricin, 
candicidin, filipln, and preferably, amphotericin B. 

As discussed above, the liposomes or lipid particles of the 
present invention may be made by any of the techniques known in 
the art for their formation. In one embodiment of the present 
invention, a homogenizatibn device is used to process the 
liposomes or particles. Such a homogenization device includes 
but is not limited to devices such as the Gaulin type or 
Microfluidizer (Micro fluidics, Inc.) type homogenizer, a colloid 
mill or similar milling device, or a size reduction device that 
forms liposomes or lipid particles through an extrusion process 
(Cullis et al., PCT Publication No. 87/00233, January 16, 1986, 
entitled "Extrusion Technique for Producing Unilamellar 
Vesicles"). 

In the homogenization aspect of the invention, a homogenizer 
or colloid mill is connected to a pump set to deliver about 1 to 
about 4 1/min to the mill with about 10 to about 15 psi back 
pressure, the sampl feed is milled and the product is collected 
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In a tank. If the desired size f the liposomes or particles is 
smaller than that which may be obtained by ne pass thr ugh the 
mill, the feed may be reprocessed through the colloid mill a 
second (or multiple) time. As with the filtration .technique, 
determination of having reached the end point may be made by the 
examination of an aliquot of milled sample under the light 
microscope, QELS, Malvern, or similar technique. Ideally, the 
end point of the milling step is reached when most of the 
particles or liposomes fall within the size range of the final 
product. The size separation of the milled product then may 
proceed using the tangential flow filter, to select the* specific 
sizes desired. 

In the processing of 15 liters of lipid particles containing 
amphotericin B as described above, about 18 cycles through the 
mill were required prior to the filtration step. This number 
would be expected to vary with the above-mentioned conditions. 
The lipid concentration used may further determine the number of 
processing cycles required. The amount and type of drug would 
also determine the milling time required, as a highly viscous 
sample would not be expected to filter efficiently. 

In the case where the filtration process can be used to 
remove solvent, the achievement of the end point (for example, 
about 99% of solvent removed) is determined by the standard 
techniques of gas chromatography. In the case where it is 
desired to remove free drug from the preparation, determination 
of having reached the end point of less than about 99% of free 
drug remaining (when diaf iltration, as described above, is used), 
is by for example, colorimetric analysis. 

In another embodiment of the present invention, liposomes or 
lipid particles are formed using the process of tangential flow 
filtration. In this process, for example, a drug such as 
amphotericin B suspended in a solvent, for example, DMS0,. is' fed 
to the extracapillary space of a hollow fiber filter from a 
reservoir. Lipid in solvent such as methylene chloride is 



similarly fed through tubing into the lumen of the hollow fiber 
filter. The amphotericin 6 in DMSO enters through the pores of 
the filter into the lumen, in response to a higher pressure 
maintained on the filtrate side, where it complexes with- the v 
lipid, forming particles. The solvents aire removed during the 
same process by diafiltration with a suitable replacement solvent 
such as saline solution, buffered aqueous solution, water or 
ethanol. The concentrations of lipid and bioactive agent, if 
included., can be those employed in preparing liposomes or lipid 
particles by other methods. 

In another example of liposome formation using the tangential 
flow filtration process, liposomes of defined size are remote 
loaded with ionizable bioactive agents. In this liposome 
formation method, air aqueous solution, such as for example, an 
aqueous maltose solution at relatively acidic or basic pH is 
circulated in the lumen of a hollow fiber filtration device of 
for example, polypropylene with 0.1 urn pore size, at a pressure 
of about 2.0 psi. The lipid, for example, egg 
phosphatidylcholine (EPC), is Similarly fed through tubing into 
the extracapillary space of the filter. The maltose in solution 
exits through the pores into the extracapillary space, in 
response to a higher pressure maintained on the lumen side, where 
it contacts the lipid, forming liposomes* The bathing solution 
of the formed and size-selected liposomes is *'h* r n adjusted to a 
relatively basic or acidic pH and the ionizable bioactive agent 
is admixed with the liposomes. 

In the size selection of liposomes that had been remote 
loaded with ionizable bioactive agents according to the methods 
disclosed above, and specifically loaded by these methods with 
ionizable antineoplastic agents such as doxorubicin, the 
procedures are as follows. The liposomes are formed using egg 
phosphatidylcholine and cholesterol (3:1 weight ratio) in acidic 
buffer, preferably about 300 citric acid at about pH 4.0. : The 
resulting liposomes may be size reduced using any methods known 
in the art, such as homogenization, for example, by Gauliri or 



Micro fluidizer homogenizer, or extrusion* These liposomes are 
filtered by tangential flow filtration methods, in buffer of pH 
about 4*0, first through a filter having a pore size of about for 
example 0.2 um, the filtrate then passing through a second 
tangential flow filter having a pore size of for example, about 
0.1 urn. The retentate is the final product, having liposomes of 
sizes between about 0.1-0.2 urn. The liposomes are then sterile 
filtered through a filter of pore size about 0.20 urn. Following 
the adjustment of the pH to about 7.5 using an appropriate 
buffer, such as sodium carbonate, doxorubicin is added and is 
accumulated into the liposomes as a result of the transmembrane 
pH gradient. Alternatively, the retentate can be lyophilized and 
stored until use. Upon use, the lyophilizate can be 
reconstituted using buffer of relative basic pB, such as at about 
pH 7.5. Additionally, the retentate (from the about 0.20 urn 
tangential flow filtration) can be homogenized using any device 
known for this purpose, such as a Gaulin homogenizer. In this 
case, after the sample is passed through the first tangential 
flow filter, the retentate, above the upper size limit of the 
desired product, can be recirculated back into the homogenizer 
for further processing. 

For the liposomes or lipid particles of the present 
invention, any suitable lipids may be employed. The term lipid 
as used herein shall mean any suitable material resulting in a 
bilayer such that a hydrophobic, portion of the lipid material 
orients toward the bilayer while a hydrophilic portion orients 
toward the. aqueous phase. Lipids include highly hydrophobic 
components such as triglycerides,, sterols such as cholesterol, 
and amphipathic lipids. The lipids which can be used in the 
liposome formulations of the present invention are for example, 
the phospholipids, such as phosphatidylcholine (PC), 
phosphatidylethanolamine (PE), phosphatidylserine (PS), 
phosphatidylglycerol (PG), phosphatidic acid (PA), 
phosphatidylinositol (PI), sphingomyelin (SPM), and the like, 
alone or in -combination. The phospholipids can be synthetic or 
derived from natural sources, such as egg or soy. Synthetic 
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phospholipids such as dimyristoylphosphatidylcholine (DMPC) and 
dinyristoylphosphatidylglycerol (DMPG) may also -be used* In the 
preferred embodiments, the phospholipid egg phosphatidylcholine 
(BPC), is used. The liposomes can also contain other steroid 
S components such as polyethylene glycol derivatives of cholesterol 
(PEG-cholesterols), coprostanol, chblestanol, or cholestane, and 
combinations of EPG and cholesterol. They may also contain 
organic acid derivatives of sterols Such as cholesterol 
hemisuccinate (CHS), and the like. Organic acid derivatives of 
tocopherols may also be used as liposome-forming ingredients, 
such as alpha-tocopherol hemisnccinate (THS). Both CHS- and 
THS-containing liposomes and their tris salt forms may generally 
be. prepared by any method known In the art for preparing 
liposomes containing these sterols. In particular, see the 
15 procedures of Janoff, et al., PCT Publication No. 85/04578, filed 
October 24, 1985, entitled "Steroidal Liposomes," and Janoff , et 
al„, PCT Publication No, 87/02219 , April 23, 1987, entitled 
"Alpha-Tocopherol Based Vesicles,™* The liposomes may also 
contain glycolipids. 
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During preparation of the liposomes or the lipid particles, 
organic solvents may be used to dissolve the lipids. Suitable 
organic solvents are those with a variety of polarities and 
dielectric properties, which solubiliza the lipids, and include 
but are not limited to chloroform, methanol, ethanol, and 
methylene choloride. As a result, solutions (mixtures in which 
the lipids and other components are uniformly distributed 
throughout) containing the lipids are formed. Solvents may be 
used to solubilize the bioactive agents (drugs), and where 
necessary, any of the above-named solvents, including dimethyl 
sulfoxide (DMS0) may be used. Solvents are generally chosen on 
the basis of their hiocompatabillty, low toxicity, and 
solubilization abilities. 

The liposomes or lipid particles of the invention may entrap 
or be associated with bioactive agents such as drugs. Such drugs 
may be used in both the size selection embodiments or the 



liposome-forming emb diments of the tangential flow filtration 
processes- Suitable bioactive agents for these uses Include but 
are not limited to the polyene antifungal agents such as 
nystatin, pimarifcin, candicidin, filipin, and preferably, 
amphotericin B. Other bioactive agents that may be used include 
but are not limited to antibacterial compounds such as the 
antibacterial compounds such as the aminoglycosides, for example, 
gentamicin, as stated above, antiviral compounds such as 
rifampacin or azidothymidine (AZT); anti-parasitic compounds such 
as antimony derivatives, antineoplastic compounds such as 
vinblastine, vincristine, mitomycin C, doxorubicin, daunorubicin, 
methotrexate, and cisplatinum, among others; proteins such as 
albumin, toxins such as diptheria toxin, enzymes such as 
catalase, hormones such as estrogens, neurotransmitters such as 
acetylcholine, lipoproteins such as alpha-lipoprotein, 
glycoproteins such as hyaluronic acid, immunoglobulins such as 
IgG, immunomodulators such as the interferons or the 

interleukins, dyes such as Arsenazo III, radiolabels such as 

14 ' 99 

C, radio-opaque compounds such as Te, fluorescent 

compounds such as carboxy fluorescein, polysaccharides such as 

glycogen, cell receptor binding molecules such as estrogen 

receptor protein, nonsteroidal anti- inflammatories such as 

indomethacin, salicylic acid acetate, ibuprofen, sulindac, 

piroxicam, and naproxen; antiinflammatories such as 

dexamethasone, antiglaucomic agents such as timolol or 

pilocarpine, anesthetics such as dibucaine, nucleic acids such as 

thymine, polynucleotides such as RKA polymers, cardiovascular 

agents such as alpha-blocker, beta-blocker, calcium channel 

blockers, ACE inhibitors, and the like, and CNS agents. 

In the liposome or lipid particle hydration step, aqueous 
solutions such as distilled water (e.g., USP water for 
injection), saline (0.9%)* or aqueous buffers may be used. 
Aqueous buffers that may be used include but are not limited to 
buffered salines such as phosphate buffered saline "PBS," 
tris-(hydrexymethyl)-aminomethane hydrochloride "tris" buffers, 
or glycine buffers at pH of about 7.0 to 7.5, preferably 7,2* 



The lip somes of the present invent! n may be dehydrated (or 
lyophilized) thereby enabling storage for extended periods f 
time until use* Standard freeze-drying equipment or equivalent 
apparatus may be used to lyophilize the liposomes. Liposomes may 
also be dehydrated simply by placing 1** 1**^ under reduced pressure 
and allowing the suspending solution to evaporate* 
Alternatively, the liposomes and their surrounding medium may be 
frozen in liquid nitrogen prior to dehydration. Such dehydration 
may be performed in the presence of one or more protectants such 
as protective sugars, according to the process of Janoff et al., 
PCI 86/01103, published February 27, 1986, and incorporated 
herein by reference. In this invention, dehydration may be 
performed either prior to or following the tangential flow 
filtration (size separation) step. 

The preparations of the present invention can be used 
therapeutically in animals (including man) in the treatment of a 
number of infections or conditions which require: (1) repeated 
administrations; (2) the sustained delivery of a drug in its 
biojactive form; or (3) the decreased toxicity with substantially 
equivalent of greater efficacy of the free drug in question. 
Such conditions include but are not limited to fungal infections, 
both topical and systemic such as those that can be treated with 
antifungal agents such as nystatin and amphotericin B and the 
bacterial infections that respond to antibiotic chemotherapy. 

-The mode of administration of the preparation may determine 
the sites and. cells in the organism to which the compound will be 
delivered* The liposomes and lipid particles of the present 
invention can be administered alone but will generally be 
a dmini stered iri admixture with a pharmaceutical carrier selected 
with regard to the intended route of administration and standard 
pharmaceutical practice. For instance, delivery to a specific 
site may be most easily accomplished by topical application (if 
the infection is external, e.g., on areas such as eyes, skin; in 
ears, or on afflictions such as wounds or burns). Such topical 
applications may be in the form of creams, ointments, gels, 



emulsions, or pastes, for direct application to the afflicted 
area. Alternatively, the preparati ns may be injected 
parenterally, for example, intraven usly, intramuscularly, or 
subcutaneously. For parenteral administration, they can be used, 
for example, in the form of a sterile aqueous solution which may 
contain other solutes, for example, enough salts or glucose to 
make the solution isotonic. Other uses, depending on the 
particular properties of the preparation, may be envisioned by 
those skilled in the art. 

For administration to humans in the curative or prophylactic 
treatment of fungal or bacterial diseases, the prescribing 
physician will ultimately determine the appropriate dosage for a 
given human subject; this can be expected to vary according to 
the age, weight, and response of the individual as well as the 
nature and severity of the patient's symptoms. The dosage of the 
drug in the liposomal or lipid particle form will generally be 
about that employed for the free drug. In some cases, however, 
it may be necessary to administer dosages outside these limits. 

The following examples are given for purposes of illustration 
only and not by way of limitation on the scope of the invention. 

Amphotericin B particles (HDLCs) were formed according to the 
following, procedure: Amphotericin B (78.05 mg) was added to 867 
ml or DMSO in. a 5 liter pressure can, and stirred to dissolve for 
3 hours at 25 a C. This solution was sterile filtered into a 
second 5 liter pressure can at 25 b C. 

Dimyristoylphosphatidylcholine (DMPC) (60 g) and 26.4 g of 
dimyristoylphosphatidylglycerol (DMPG) (a 7:3 mole ratio) was 
combined with 21 L of methylene chloride in a 50 L pressure 
vessel, and mixed to dissolve completely. It was then sterile 
filtered through a 0.22 urn teflon filter into a 50 L triple-neck 
round bottom flask. The amphotericin B/DMS0 mixture was added to 
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the lipid solution in the round bottom flask, (for a 33 mole % 
amphotericin B s lution) followed by the addition of 4*32 L of 
0.9% sterile saline to the round bottom. The suspension was 
mixed with a banana paddle. The methylene chloride was removed 
5 by a vacuum distillation process (750 mm Hg) at 40°C in process 
for 20 hours. After this time 5 L remained in the flask. 

KXAMFEK I 

*° To the 5 L of lipid/ amphotericin B particles of the 

Preparation was added 5 L of 0.9% sterile saline. Four liters of 
this solution (at 4.04 mg/ml amphotericin B) was connected from 
. the reservoir containing it, through silicone peristaltic tubing, 
. to inlet and outlet ports of a Baxter travenol (Model 15.11) 

I 5 hollow fiber tangential flow filtration dialysis unit, equipped 

with a filter membrane of regenerated cellulose. A Watson Mar low 
peristaltic pump was set to deliver 250 ml/minute to the 
tangential flow device. 
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A 4 L sterile 0.9% saline bath was similarly attached and 
pumped to the ports of tlte Baxter Travenol device leading to the 
extracapillary space of the dialysis unit. A similar peristaltic 
pump was set to deliver saline to the unit at a rate which 
maintained a constant volume in each reservoir. The saline 
tubing was attached to the device so that a countercurrent flow . 
of saline to lipid particles was achieved. The solutions 
circulated countercurrently for 1 hour, then the saline solution 
was changed to fresh saline. Five changes were made after 1 hour 
circulations. This process removed the DMS0 from the solution. 

Analysis of pre- and post-dialysis DMS0 was determined by 
using standard gas chromatography techniques using 
tetrahydrofuran (THF). Pre-dialysis DMSO was determined to be 
7.75%, and post-dialysis DMSO 0.05%. The resulting volume was 
4.3 L. 
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EXAMPLE 2 

Three liters f the dialyzed particles of Example 1 above 

were selected according to size according to the following 

5 technique: A Pellicon tangential flow filtration unit equipped 

2 

with a 5 urn pore size 1 ft. Durapore flat sheet membrane 

2 

(plate and frame configuration) in 2 filter packs (1/2 ft. 
each, separated by polypropylene channels) was used to size the 
particles. A reservoir containing the 3 L sample was connected 

10 with silicone peristaltic tubing to a Watson Marlow (Model 603 
U/R) peristaltic pump set to deliver 4 L/minute," then connected 
to the inlet port of the Pellicon device. The inlet pressure was 
set at 3 psi. The psi at the Pellicon exit port (retentate) was 
1 psi and that at the filtrate port was 1.6- psi. The flow rate 

^ of the filtrate was about 32 ml/minute and was pumped from the 
Pellicon device using a Watson Marlow (Model 501 TJ/R) , 
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After 2500 ml of filtrate was collected, the sample was 
diafiltered by adding 32 ml/minute of sterile 0.9% saline to the 
reservoir. The process continued until 1530 ml additional 
filtrate was collected for a total of 4030 ml of 
filtrate/diafiltrate. The resulting concentration of DMSO as 
determined by standard gas chromatography was 0.01%. The 
particle size as determines by Malvern particle sizing technique 
was less than 1.0 urn to 4.7 urn. 

EXAMPLE 3 

Lipid particles of a size range of less than 1.0 urn to 50 urn 

were prepared according to the Preparation, processed according 

to Examples 1 and then filtered by the process of Example 2 using 

a 5 urn filter size, yielding particles of size up to 4.5 um. 

Three liters of these particles were placed in a reservoir and 

the reservoir attached by silicone peristaltic tubing (with a 

pump) to the inlet port of a Gelman 1.2 um (Acroflux, pleated 

2 

flat sheet configuration, 900 cm ) tangential flow filter 
apparatus, and the flow rate set at 4 L/minute. The filtrate 
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(particle size up t 1*2 um) was collected thr ugh the filtrate 
port and the retentate was recirculated to the reserv ir. 
Retentate (410 ml> was collected. 

Liposomes were made containing gentamicin by means of the 

SPLV process (in accordance with the procedures of Lenk et al., 

U. S. Patent No. 4,522,803, issued June 11, 1985, and herein 

incorporated by reference), employing gentamicin (286 g) 

dissolved in 0.9% weight to volume of aqueous saline solution 

(15.1 L) and egg phosphatidylcholine (490 g) dissolved In 

methylene chloride (24-5 L). The SPLV liposomes were diluted 

with 0.9% aqueous saline solution. These liposomes of less than 

about 1*0 um-5 um in size were concentrated from a volume of 8.2 

liters using a Microgon Krosflow II (Microgon^ Inc., LaGuna 

Hills, GA) tangential flow filtration system according to the 

methods of Examp le 2. The filter pore size was 0.2 um and the 

2 

surface area was 10 ft. . A reservoir containing the 8.2 L of 
gentamicin liposomes was connected to the Inlet port of the 
Krosflow filter using silicone peristaltic tubing* Silicone 
tubing attached to the filter outlet led retentate back into the 
reservoir. A Watson Harlow peristaltic pump was used to pump 
product Into the filter (flow rate about 4 L/min. inlet pressure 
at 3-10 psi, filtrate flow rate about 75 ml/min.). 



After the concentration step was completed, the filtrate was 
assayed for gentamicin concentration using standard colorimetric 
techniques,, and found to have a concentration of 7.92 mg 
gentamicin/ml. The diafiltration step was then performed 
according to Example 2. Pumping conditions were as above while 
approximately 9 liters of saline was added to the system for 
diafiltration. The. filtrate was monitored for gentamicin, the 
final 50. ml had a concentration of 0.10 mg/ml. This indicated 
that the free gentamicin in the concentrate had been decreased by 
99% from the point before diafiltration. 
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Gentamicin flows freely through the pores of the 0,2 um 
filter and therefore the concentration found in the filtrate is 
indicative f the fre gentamicin in the concentrate (the 
retentate) . 

EXAMPLE 5 

Amphotericin B particles (HDLCs) were formed according to the 
following procedure: Amphotericin B (337.5 g) was added to 
3375.0 ml of DMS0, and stirred to dissolve for 5.5 hours at 
25°C. This solution was sterile filtered into a 5 liter pressure 
can at 25°C. 



Dimyristoylphosphatidylcholine (DMPC) (264.3 g) and 109.9 g 
^ of dimyristoyiphosphatidylglycerol (DMPG) (a 7:3 mole ratio) were 
combined with 35.2 L of methylene chloride in a 40 L pressure 
vessel, and mixed to dissolve completely. This solution was then 
sterile filtered through a 0.22 urn teflon filter into a 140 L 
processing tank. Methylene chloride (39.1 L) was sterile 
filtered through a 0.22 tun teflon filter and added to the 140 L 
tank. The amphotericin B/DMS0 mixture was added to the lipid 
solution, (for a 33 mole X amphotericin B solution) followed by 
the addition of 16.5 L of 0.9% sterile saline to the tank. The 
suspension was mixed with a marine propeller. The methylene 
chloride was removed by sterile N gas purging. The final 
temperature was less than 40°C after about 13 hours. Sterile 
saline (7.0 L) was added to the batch for a total volume in the 
process vessel' of about 27 L. 
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This product was circulated through a Gif ford -Wood colloid 

mill with for about 5 hours to decrease the average, size of the 

lipid particles. to about 5.0 urn. After milling, the product was 

circulated through a Romicon 5.0 urn ceramic tangential flow 
2 

filter (2 ft ) using an Alfa Laval rotary lobe pump at an 
average flow rate of 24 gpm, for a total of about 10 hours. * 
Sterile physiological saline (410 L) was added in 30 L aliquots 
through a top port of the 140 L vessel. The average filtration 



f 



WO 89/00846 PCT/US88/02598 

- 32 - 

rate was about 500 ml/min. The filtrate was then passed into a 

reservoir, and concentrated by passage through a 1*2 urn Romicon 2 
2 

ft ceramic filter driven by an Alfa Laval rotary lobe pump at 
a flow rate of about 36 gpm; (about 14.5 hours) the filtration 
5 rate was about 500-600 ml/min. This filtration removed the 

particles l.£ um and less in the filtrate. The 1,2 im retentate 
was collected as the final product. 
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Liposomes containing gentamicin were made by the SPLV process 
according to the methods of Example 4. These liposomes (100 L) 
were tangential flow filtered by passing them through two 2 ft 2 
Microgbn hollow fiber filters (in a parallel configuration) of 
0.22 um pore size* An Alfa Laval rotary lobe pump was used to 
filter, the product through the filters at an average flow rate 
through each filter of 15 gallons/minute. The filtration 
pressures were as follows: V ±r = 10 psig; P ont = 2.5 psig. The 
pressure across the membrane was 5^5-6.0 psig* The filtration, 
which resulted in a final concentration of the original 100 L of 
sample to 20 L of product, proceeded at a flux rate of 0,6L/min. 
for 2.25 hours. 

The product was then diafiltered to remove free (unentrapped) 
gentamicin by filtration through four Microgon filters in a 
parallel configuration. Physiological saline (20 L) was added to 
the holding tank containing the retentate from the 0.22 um 
tangential flow filtration step, and the retentate collected. 
This process was repeated 6 times, after which time the product - 
contained 5.6 mg/ml of entrapped gentamicin in 20 L of product. 
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We claim: 

1. A process for separating particles according to size, from a 
mixture comprising particles suspended in a liquid, 
comprising the pteps of: 



(a) subjecting the mixture to tangential flow filtration 
with a first filter of a first pore size; and 

(b) subjecting the filtrate to tangential flow filtration 
^ . with a second filter of second, smaller pore size. 

2. The process of claim 1 wherein the particles comprise 
liposomes or lipid particles. 



3. The method of claim 2 wherein the liposomes or lipid 
particles additionally comprise a bioactive agent. 

4. The method of claim 3 wherein the bioactive agent comprises a 
polyene antifungal agent. 

5. The method of claim 4 wherein the polyene antifungal agent 
comprises amphotericin B. 

6. The method of claim 5 wherein the mole ratio of amphotericin 
B to the lipid of the liposomes or lipid particles is about 1 
mole % to about 60 mole %• 

7. The method of claim 6 wherein the mole ratio of amphotericin 
B is about 16 to about 50 mole %* 
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8. The method of claim 7 wherein the mole ratio of amphotericin 
B is about 33 mole %. 
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9 . The method of claim 8 wherein the first p re size is between 
about 10 and about 0.2 urn. 
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10. The method of claim 9 wherein the first pore size is about 5 
um. . 

11. The method of claim 8 wherein the second pore size is between 
about 2000 molecular weight and about 2 microns. 

12. The method of claim 11 wherein the second pore size is about 
1*0 urn. 

13 The method of claim 12 wherein the particles comprise 
dimyristoylphosphatidylcholine and 

dinyristoylphosphatidylglycerol in about a7:5 mole ratio and 
33 mole% amphotericin B. 

14* The process of claim 13 wherein the bioactive agent comprises 
an aminoglycoside. 

15. The process of claim 14 wherein the aminoglycoside agent is 
gentamicin. 

16. The process of claim 15 wherein the liposome is an SPLV. 

17., The process of claim 16 wherein the liposome comprises 
phosphatidyl- 
choline. 

IS. The method of claim 3 wherein the particles comprise a 

liposome and the bioactive agent comprises an aminoglycoside, 
where the first pore size is about 5 urn and the second pore 
size is about 1 um. 
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19. The method of claim 18 wherein the aminoglycoside comprises 
gehtamicin. 
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20. The method of claim 18 comprising the step of milling the 
particles to reduce their size . 

21. The method of claim 1 comprising the step of milling the 
5 particles to reduce their size. 

22. A population of liposomes or lipid particles with a 
homogenous size distribution prepared in accordance with 
claim 1. 

10 

23. The population of claim 22 wherein the liposomes are 
multilamellar. 

24. The population of claim 22 wherein the liposomes are 
^ unilamellar ♦ 

25. A population of liposomes or lipid particles having a 
homogenous size distribution obtained by the method of claim 
1. 

20 

26. The population of claim 25 wherein the lipid particles 
comprise a lipid and a bioactive agent. 

27. The population of claim Z6 wherein the lipid particles are 
^ HDLCs. 

23. The population of claim 27 wherein the lipid comprises 
dimyxiatoylphosphatidylcholine and 

dimyristoylphosphatidylglycerol in about a 7:3 mole ratio. 

30 

29. The population of claim 27 wherein the bioactive agent 
comprises a polyene antifungal agent. 
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30. The population of claim 29 wherein the polyene antifungal 
agent comprises amphotericin B. 



WO 89/00846 



- 36 - 



PCT/US88/02598 



31. The population of claim 30 wherein the mole ratio of 
amphotericin. B is about 5-50 inole%. 

32 . The lipid particles of claim 31 wherein the size of the 
^ particles is between about 0.2 um and about 10 urn, 

33. The lipid particles of claim 32 wherein the size of the 
- particles is about 1 to 5 urn. 

^ 34. The lipid particles of claim 31 wherein the mole ratio of 
amphotericin B is about 16-50 mole%* 

35., The population of claim 34 wherein the mole ratio of 

amphotericin B is about, 33 mole%. 
15 * 

36. The population of claim 25 wherein the liposomes comprise a 
lipid and a bioactive agent. 

37. The population of claim 36 wherein the bioactive agent is an 
20 aminoglycoside* 

38. The population of claim 37 herein the aminoglycoside is 
gent ami c in. 

The population of claim 38 wherein the size of the liposome 
is between about 0.2 urn and about 10 urn. 

40 . The population of claim 39 wherein the liposome is an SPLV. 

41* The population of claim 40 wherein the lipid comprises 
phosphatidyl- 
choline* 
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42. The population, of claim 36. wherein the bioactive agent is an 
antineoplastic agent. 
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A3. The population of claim 42 wherein the antineoplastic agent 
is doxorubicin, daunorubicin, epirubicin, or vincristine. 

44. The population of claim 43 wherein the size of the liposome 
5 is between about 5.0 um and about 1.2 urn. 

45. A method for removing extraliposome or extralipid particle 
material from a mixture comprising liposomes or lipid 
particles suspended in a liquid, comprising the step of 

^ subjecting the mixture to tangential flow filtration. 

46. The method of claim 45 wherein the extraliposomal or 
extralipid- 

particle material is an organic solvent. 

15 

47. The method of claim 46 wherein the organic solvent comprises 
DMSO. 

48. The method of claim 45 wherein the extraliposomal or 
20 extralipid- 

particle material is unentrapped or unassociated bioactive 
agent. 

49. A method for producing particles of a size below a defined 
® cutoff comprising the steps of: 

(a) homogenizing the particles; and 

(b) subjecting the particles to tangential flow filtration 
with a first filter of a pore size which excludes 

® particles above the defined cutoff. 

50. The method of claim 49 wherein the homogenization is 
performed by milling. 
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51* The process of claim 49 wherein the particles comprise 
liposomes or lipid particles. 
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52. The method of claim 51 wherein the lipos mes or lipid 
particles additionally comprise a bioactive atgent. 

53. The method of claim 52 wherein the bioactive agent comprises 
S a polyene antifungal agent. 

54. The method of claim 53 wherein the polyene antifungal agent 
comprises 7 amphotericin B. * 

55. The method of claim 54 wherein the mole ratio of amphotericin 
B to the lipid of the liposomes or lipid particles is about 1 
mole % to abont 60 mole 

56. The method of claim 55 wherein the mole ratio of amphotericin 
15 B is abont 16 to about 50 mole %. 

57* The method of claim 56 wherein the mole ratio of amphotericin 
B is about 33 mole %* 
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58* The method of claim 57 wherein the filter pore size is 
between abont 10 and about 0.2 iim. 

59. The method of claim 58 wherein the filter pore size is about 
5 urn* 

60. The method of claim 59 wherein the particles comprise 
dimyristoylphosphatidylcholine and 

dlmyristoylphosphatidylglycerol in abont a 7:3 mole ratio, 
and about 33 mole% amphotericin B. 

61. The. process of claim 52 wherein the bioactive agent comprises 
ah aminoglycoside. 

62^ The process of claim 61 wherein the aminoglycoside is 
gentamicin. 
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63* The pr cess of claim 62 vh rein the liposome is an SPLV. 

64. The process of claim 63 wherein the liposome comprises 
phospholipid. 

65. The process of claim 64 wherein the phospholipid comprises 
phosphatidylcholine . 

66. the method of claim 49 comprising the additional step of : 

(c) subjecting the filtrate of step (b) to tangential flow 
filtration with a second filter of smaller pore size. 



67. A population of liposomes or lipid particles with a 
15 homogenous size distribution prepared in accordance with 

claim 66. 



63. The population of claim 66 wherein the liposomes are 
multilamellar, 

69. The population of claim 66 wherein the liposomes are 
unilamellar. 

70. The method of claim 66 wherein the particles comprises a 
liposome comprising gentamicin and phosphatidylcholine, where 
the first pore size is about 5 urn and the second pore size is 
about 1 urn. 

71. A method for preparing a liposome or lipid particle 
comprising the step of contacting a solution containing lipid 
to a first side of a filter in tangential flow filtration 
apparatus while infusing or injecting an aqueous solution to 

. a second side of the filter in the tangential flow filtration 
apparatus . 

72. The method of claim 71 wherein the tangential flow filtration 
system employed is a dynamic rotary filtration or a hollow 
fiber filtration. 
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